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(57) The present invention discloses a method and 
encoder for coding sequences of digital images for trans- 
mission or storage. Frames in the sequence are seg- 
mented into multiple regions of arbitrary shape each of 
which has a corresponding motion vector relative to a 
previous decoded frame. In a preferred embodiment, a 
hierarchical multi-resolution motion estimation and seg- 
mentation technique, which segments the frame into 
multiple blocks and which assigns a best motion vector 
to each block is used. Blocks having the same or similar 
motion vector are then merged to form the arbitrari- 
ly-shaped regions. The shape of each region is coded, 
and a decision is made to code additional image data of 
each region in one of three modes. In a first inter-frame 
mode, a motion vector associated with a region is en- 
coded. In a second inter-frame mode, a prediction error 
for the region is also encoded. In an intra-frame mode, 
the intensity of each picture element in the region is en- 
coded. A region interior coder with frequency domain re- 
gion-zeroing and space domain region-enforcing opera- 
tions is employed for effectively coding the interior image 
data of the arbitrarily-shaped regions. The region interior 
coder uses an iterative technique based on the theory of 
successive projection onto convex sets (POCS) to find 
the best values for a group of selected transform coeffi- 
cients. The coded information, including the shape of the 
region, the choice of the mode, and the motion vector 
and/or the region's interior image data, may then be 
transmitted to a decoder where the image can be recon- 
structed. 
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Description 

FIELD OF THE INVENTION 

The present invention relates generally to a method s 
and apparatus for coding a video sequence, and, in par- 
ticular, to a region-oriented method and apparatus for 
coding arbitrarily-shaped regions of video images. 

BACKGROUND OF THE INVENTION 10 

Many approaches to encoding a sequence of digital 
video images are known in the art. One classical ap- 
proach is to divide each frame in the sequence into 
square blocks of predetermined size also known as mac- is 
roblocks. Each macroblock is then assigned a motion 
vector relative to a previous decoded frame, where the 
motion vector represents the offset between the current 
macroblock and a block of pixels of the same size in a 
previous reconstructed frame that forms a best match. 20 
The motion vector is transmitted to a decoder which can 
then reconstruct the current frame based upon the pre- 
vious decoded frame, the motion vector and a prediction 
error. Block-based techniques, however, can lead to dis- 
tortions such as blocking and mosquito effects in low 25 
bit-rate applications. 

A more complex object-oriented, or region-oriented, 
approach encodes arbitrarily-shaped regions instead of 
rectangular or square blocks. While block-oriented cod- 
ing techniques typically transmit two parameter sets, 30 
specifically the motion and color of each block, an ob- 
ject-oriented approach requires that the shape of each 
region be transmitted as well in order to allow reconstruc- 
tion of the image. For example, in M. Hotter, "Object-Ori- 
ented Analysis -Synthesis Coding Based On Moving 35 
Two-Dimensional Objects," Signal Processing: Image 
Communication, Vol. 2, pp. 409-428 (1 990), an encoder 
which encodes arbitrarily-shaped regions is presented, 
where objects are described by three parameter sets de- 
fining their motion, shape and color. A priority control de- 40 
termines in which of two modes the coded information 
will be sent based upon the success or failure of the mo- 
tion estimation technique for a particular region. The 
shape coding technique considered in the aforemen- 
tioned article approximates the shape of each region by 45 
a combination of polygon and spline representation of 
the shape. U.S. Patent No. 5,295,201 also discloses an 
object-oriented encoder which includes an apparatus for 
approximating the shape of an arbitrarily-shaped region 
to a polygon. The vertices of the polygon are determined, so 
and the coordinate values of the vertices are calculated 
and transmitted. 

One color coding technique for use in object-orient- 
ed approaches is presented in Gilge et al. ( "Coding of 
Arbitrarily Shaped Image Segments Based On A Gener- 55 
alized Orthogonal Transform," Signal Processing: Im- 
age Communication, Vol. 1, pp. 153-180 (1989). Ac- 
cording to the technique disclosed in this article, an in- 



tensity function inside each region is approximated by a 
weighted sum of basis functions which are orthogonal 
with respect to the shape of the region to be coded.- While - 
this technique may be theoretically useful, it is not prac- 
ticable for implementation in a real-time system. 

Due to the potential advantages of an object-orient- 
ed approach, there exists a need for an object-oriented 
encoder which provides powerful schemes for segment- 
ing an image into arbitrarily-shaped regions, each of 
which has a corresponding motion vector, and for repre- 
senting the segment content in a manner which can be 
readily implemented for use in real-time. It is also desir- 
able to have an encoder which can encode a generic 
scene or sequence of images, the content of which is not 
known beforehand, in contrast to the requirements of the 
prior art. It is further desirable to provide an encoder 
which permits additional functionalities, such as tracking 
objects moving from one area of a scene to another be- 
tween images in a sequence. 

SUMMARY OF THE INVENTION 

The present invention discloses an encoder for en- 
coding a sequence of video frames. The encoder com- 
prises a segmentation unit which segments a current 
frame in the video sequence into a plurality of arbitrari- 
ly-shaped regions, where each of the plurality of arbitrar- 
ily-shaped regions is assigned a motion vector. The en- 
coder also has a decoded frame memory for storing a 
previously decoded frame in the video sequence and a 
prediction unit connected to the segmentation unit and 
the decoded frame memory for predicting image data of 
the current frame based upon a previously decoded 
frame and based upon the motion vector assigned to one 
of the plurality of arbitrarily-shaped regions. The encoder 
further comprises a region shape coding unit for encod- 
ing the shape of each of the arbitrarily-shaped regions. 

A mode decision unit determines in which one of a 
plurality of modes image data from each of the plurality 
of arbitrarily-shaped regions is to be encoded. The plu- 
rality of modes comprises a first inter-frame mode in 
which a motion vector associated with one of the plurality 
of arbitrarily-shaped regions is encoded and a second 
inter-frame mode in which a motion vector and a motion 
compensated prediction error associated with one of the 
plurality of arbitrarily-shaped regions are encoded. A 
third mode is an intra-frame mode in which the intensity 
of each pel in one of the plurality of arbitrarily-shaped 
regions is encoded. A mode coding unit then encodes 
the mode in which each of the plurality of arbitrari- 
ly-shaped regions is to be encoded. 

The encoder includes a motion coding unit for en- 
coding motion vectors associated with the plurality of ar- 
bitrarily-shaped regions. In addition, the encoder com- 
prises a region interior coder which encodes a motion 
compensated prediction error associated with one of the 
plurality of arbitrarily-shaped regions if the region is to 
be encoded in the second inter-frame mode, and which 
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encodes the intensity of each pel in one of the plurality 
of arbitrarily-shaped regions if the region is to be encod- 
ed in the intra-frame mode. 

A buffer serves as an interface for transmitting en- 
coded information between the encoder and a transmis- $ 
sion or storage medium. Finally, a rate controller re- 
ceives signals from the buffer The rate controller then 
sends control signals to the segmentation unit, the mode 
decision unit, the region interior unit and a frame skip unit 
in response to the signals received from the buffer. 10 

Other features and advantages of the present inven- 
tion will be readily apparent by reference to the following 
detailed description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 1S 

FIG. 1 is a block diagram of an encoder for perform- 
ing motion estimation, segmentation and coding of a vid- 
eo sequence with regions of arbitrary shape and size. 

FIG. 2 is a flow chart showing steps of the image 20 
coding method according to the principles of the present 
invention 

FIG. 3 is an exemplary graph for use in determining 
the mode in which the coded image data is to be sent. 

FIG. 4 depicts a preferred embodiment of a motion 25 
estimation and segmentation unit for use in the encoder 
in FIG. 1. 

FIG. 5 is a simplified block diagram showing one em- 
bodiment of a joint motion estimation and segmentation 
unit for generating arbitrarily-shaped regions with corre- 30 
sponding motion vectors. 

FIG. 6 is a flow chart showing the steps for selecting 
a best motion vector for a square block. 

FIG. 7 shows a simplified block diagram of a region 
interior coder for use in the encoder in FIG. 1 . 35 

FIG. 8 illustrates an exemplary arbitrarily-shaped re- 
gion circumscribed by a rectangular block. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 40 

FIG. 1 is a block diagram of an encoder 100 for per- 
forming motion estimation, segmentation and coding of 
a video sequence with regions of arbitrary shape and 
size. The encoder 1 00 has a buffer 1 05 which serves as 45 
an interface between the encoder 100 and a transmis- 
sion or storage medium. The buffer 1 05 sends signals to 
a rate controller 108 via line 106 indicating the fullness 
of the buffer 105. In response to the signals received 
from the buffer 105, the rate controller 108 controls the so 
rate of flow of information from the encoder 100 to the 
transmission or storage medium by providing control sig- 
nals to other components of the encoder 1 00 via line 1 09. 
The encoder 100 further has a frame skip unit 110 for 
receiving a sequence of digital video frames one at a time 55 
from an input line 1 1 2 and for determining whether a par- 
ticular frame in the sequence should be skipped. 

A segmentation unit 120 is included in the encoder 
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1 00 for segmenting a frame into a plurality of regions of 
arbitrary shape and size. The segmentation unit 1 20 also 
determines a motion vector associated with each region 
for predicting the current frame from a previous decoded 
frame which may be stored in a decoded frame memory 
unit 125. Details of the segmentation unit 120 are pro- 
vided below. The encoder 100 comprises a prediction 
unit 1 30 for predicting a region of the current frame based 
upon a motion vector received from the segmentation 
unit 120 and a previous decoded frame received from 
the decoded frame memory unit 125. 

A region shape coding unit 140 is also included in 
the encoder 100 for encoding the shape of each region 
of the current frame. The encoder 100 further comprises 
a mode decision unit 150 for deciding in which of three 
modes image data of a region will be coded and trans- 
mitted. These three modes are discussed in greater de- 
tail below. A mode and motion vector coding unit 160 is 
included in the encoder 100 for encoding the particular 
mode in which the information about a region will be sent 
and for encoding the motion vector associated with the 
region. Although shown as a single unit in FIG. 1, the 
mode and motion unit 160 may comprise separate units 
for performing the functions of encoding the mode and 
encoding the motion vector. Similarly, a region interior 
coder 1 70, described more fully below, is included for en- 
coding either the prediction error or the intensity value of 
a particular region depending upon the mode in which 
the region is to be encoded. The encoder 100 also has 
a multiplexer 180 for passing the encoded information 
from the various coding units 140, 160 and 170 to the 
buffer 105 in a predefined order. Finally, a control unit 

101 is connected to the other units so as to control the 
interaction and flow of information between the other 
units of the encoder 100. The control unit 101 may be, 
for example, a suitably programmed microprocessor or 
other suitably configured hardware, as well as imple- 
mented in software. 

FIG. 2 is a flow chart showing steps of the image 
coding method according to the principles of the present 
invention. As shown in step 205, a current frame in a se- 
quence of frames is received by the frame skip unit 110 
via line 1 1 2. The frame skip unit 1 1 0 determines whether 
the current frame should be skipped or not, as shown in 
210. The decision whether to skip the current frame is 
determined, for example, by a control signal received on 
line 111 from the rate controller 108, which receives and 
processes information from the buffer 105 via line 106 
indicating the fullness of the buffer. If the current frame 
is skipped, then the next frame in the sequence is re- 
ceived by returning to step 205. 

If the current frame is not skipped, then, as indicated 
by step 215, the current frame is segmented or divided 
into a plurality of regions each having a motion vector 
associated with it. In particular, the regions may be of a 
shape and size which is not known a priori, thereby re- 
sulting in arbitrarily-shaped regions. The current frame 
is divided into regions by grouping or merging together 
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adjacent pels having the same or a similar intensity or 
by grouping together adjacent pels having the same or 
a similar motion vector. The number of regions into which 
the Jrame is divided-may be limited or controlled by~a 
control signal on line 1 21 received from the rate control- s 
ler 1 08. In order to determine the motion vector for each 
region, the segmentation unit 120 receives the previous 
decoded frame from the memory unit 125 as an input. 

The output of the segmentation unit 120 includes a 
description indicating the region to which each pel in the 10 
frame belongs and an array indicating the motion vector 
assigned to each region. Once a frame has been seg- 
mented into a plurality of regions, and a motion vector 
has been assigned to each region, each region is proc- 
essed until all the regions have been processed as indi- is 
cated by step 220. If all the regions in the current frame 
have been processed and coded, then the next frame is 
received in step 205. If all the regions in the current frame 
have not been processed and coded, then the process 
continues to process and code the next region as shown 20 
in step 225. 

As shown in step 230, the shape of each region is 
coded by the region shape coding unit 140. For this pur- 
pose, the region shape coding unit 1 40 receives from the 
segmentation unit 120 a description indicating the region 25 
to which each pel in the frame belongs. This description 
may be, for example, a simple array of region labels, a 
binary array of boundaries, a series of chain codes, a 
tree, or any other suitable segmentation representation. 
The shape coding unit 1 40 encodes this description ac- 30 
cording to any one of a number of lossless coding tech- 
niques, such as arithmetic coding. It should be noted that 
the step of encoding the shape of the arbitrarily-shaped 
regions may be performed prior to step 220. 

Next, as shown in step 235, a predicted region is 35 
computed based upon the motion vector assigned to the 
current region. The predicted region is computed in the 
prediction unit 130 which receives from the memory unit 
125 the previous decoded frame. The description indi- 
cating the region to which each pel in the frame belongs 40 
and the array indicating the motion vector assigned to 
each region are sent from the segmentation unit 120 to 
the prediction unit 130 as well. 

In step 240, the mode decision unit 1 50 determines 
in which one of at least three modes the image data of 45 
each region is to be coded and transmitted. The first of 
the three possible modes is an inter-frame motion com- 
pensated mode in which the motion vector associated 
with a particular region is encoded. In this first mode, no 
prediction error is encoded. Adecoderthen would recov- so 
er the image of the region by using a previous decoded 
frame and the motion vector. The second mode is also 
inter-frame motion compensated. A motion compensat- 
ed prediction error for each pel in the region, however, 
is also encoded along with the motion vector in order to ss 
improve the quality of the image intensity in the region. 
The prediction error represents the difference between 
the current image segment and the motion compensated 




segment obtained from the prediction unit 1 30. The third 
mode is an intra-frame mode in which the image data in 
the region is treated independently of previously decod- 
ed or reconstructed frames. From the standpoint of min- 
imizing the amount of coded information generated by 
the encoder 100, the first mode is preferred because it 
is likely to require the least amount of information to be 
coded. On the other hand, the inter-frame motion com- 
pensated modes may result in excessive noise or may 
fail to accurately predict a region in the current frame un- 
der certain circumstances. In such situations, it is nec- 
essary to encode the intensity, in other words, the lumi- 
nance and chrominance, of each pel in the region. 

In one embodiment, the decision to code the image 
data in a particular mode may depend, for example, upon 
the calculated values of the following two normalized 
sums of absolute differences for the region under con- 
sideration: 



NSAD r = 
NSADp = 



where N is the total number of pels in the region, i is a 
given pel in the region, and R is the set of all the pels in 
the region. Also, in the above equations, lj is the intensity 
of the particular pel i, m is the mean value of the intensity 
of all the pels in the region, and e t designates the motion 
compensated prediction error associated with the pel L 
For the above purposes, the mode decision unit 1 50 re- 
ceives the same segmentation and motion information 
that is sent to the prediction unit 130. In addition, the 
mode decision unit 1 50 receives the current frame from 
the frame skip unit 110 and a predicted region from the 
prediction unit 130. 

FIG. 3 is an exemplary graph plotting the values of 
NSADp versus NSAD, for use in determining the mode 
in which the coded image data is to be sent. The graph 
is divided by the solid lines into three sections corre- 
sponding to the three modes. When the value of NSADp 
is less than a threshold value c, then the image data is 
coded and transmitted in the first mode. When the value 
of NSADp exceeds the threshold value c and is less than 
the value of NSAD, by at least a threshold value of b, 
then the image data is coded and transmitted in the sec- 
ond mode. Otherwise, the image data is coded and 
transmitted in the third mode. The value of b is, therefore, 
chosen to distribute the coded regions between the in- 
tra-frame mode and the second inter-frame mode. The 
value of c is chosen to control the number of regions 
which are to be coded in the first inter-frame motion com- 
pensated mode. The values of b and c depend upon the 
noise present in the frame and the status of the rate con- 
trol unit 108. For this purpose, for example, a control sig- 
nal may be received on line 151 from the rate controller 
1 08. Once the mode has been determined, the choice of 
the mode is encoded, for example, in binary code by the 
mode coding unit 160, as indicated in step 245. 
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It should be noted that there may be other modes 
different from or in addition to the three modes discussed 
above. Also, each of the three modes discussed above 
may permit or require other parameter choices to be 
made, thereby resulting in secondary modes. For exam- s 
pie, a quantization step size, discussed further below in 
the context of the region interior coder 1 70, may be ad- 
justable. The setting of such parameters or secondary 
modes would also be encoded by the mode decision unit. 

The next step depends upon whether the intra-f rame io 
coding mode was selected for the region under consid- 
eration, as shown by 250. If the intra-frame coding mode 
was not selected, then the motion vector of the region is 
also coded by the coding unit 160 as indicated in step 
255. The next step depends upon whether the first in- is 
ter-frame motion compensated mode was selected as 
shown in 260. If the first inter-frame motion compensated 
mode was not selected, then, as indicated in step 265, 
the image data for the region's interior is coded by the 
region interior coder 170. As explained above, the inte- 20 
rior coding for the inter-frame motion compensated 
mode using prediction errors requires that a prediction 
error for each pel in the region under consideration be 
coded and transmitted. In contrast, the interior coding for 
the intra-frame mode requires that the intensity of each 25 
pel in the region be coded and transmitted. Details of the 
region interior coder 170 and the step of coding the im- 
age data for the region's interior are explained in greater 
detail below. 

The coded information for the region under consid- 30 
eration, including the shape of the region, the choice of 
mode, and the motion vector and/or the image data for 
the region's interior, is then transmitted via the multiplex- 
er 1 80 and the buffer 1 05 to a decoder via a transmission 
medium as indicated in step 270. Alternatively, the coded 35 
information may be stored in a suitable storage medium, 
such as a CD-ROM, for subsequent decoding at a de- 
coder. The steps 230 through 270 are performed for each 
region until all the regions in the current frame have been 
coded and transmitted. The decoder can then use the <o 
coded information to reconstruct the current frame. 

FIG. 4 depicts a preferred embodiment of the seg- 
mentation unit 120. The unit 120 receives the current 
frame and the previous decoded frame from the frame 
skip unit 110 and the decoded frame memory unit 125 45 
via lines 401 and 402, respectively. The received current 
frame and previous decoded frame data is routed, in re- 
sponse to a first control signal on line 406, to an intensity 
segmentation unit 420 via a switch 405. Alternatively, the 
received current frame and previous decoded frame data so 
is routed, in response to a second control signal on line 
406, to a joint motion estimation and segmentation unit 
450 via the switch 405. The first and second control sig- 
nals are generated by the control unit 101 . The intensity 
segmentation unit 420 divides the current frame into a ss 
plurality of arbitrarily-shaped intensity regions by group- 
ing together pels that have the same or similar intensity 
features. The initial frame in a sequence of images, for 



example, is always sent to the intensity segmentation 
unit 420 and coded in the intra-frame mode because mo- 
tion estimation and segmentation is not applicable when 
there is no previous decoded frame. A description indi- 
cating the region to which each pel in the frame belongs 
is sent via lead 422 to a switch 465. The switch 465 is 
also controlled by a control signal on line 466 that allows 
the information indicating the region to which each pel in 
the frame belongs to pass from the intensity segmenta- 
tion 420 or the joint motion estimation unit 450 to the oth- 
er units in the encoder 100 depending upon which unit, 
450 or 420, received the current frame. In other words, 
the control signal on line 466 is synchronized with the 
control signal on line 406. The information indicating the 
region to which each pel in the frame belongs may then 
be sent to the region shape coding unit 140, the predic- 
tion unit 130 and the mode decision unit 150. 

Other frames may also be selected and segmented 
by the intensity segmentation unit 420 and sent in the 
intra-frame mode. If, for example, a scene change oc- 
curs which results in objects or image areas that did not 
appear in previous frames, a decision is made to send 
the frame to the intensity segmentation unit 420. Simi- 
larly, in order to ease editing of the sequence at some 
later time, periodic frames, such as one frame every few 
seconds, may be segmented by the intensity segmenta- 
tion unit 420. In addition, a particular frame may be seg- 
mented by the intensity segmentation unit 420 to resyn- 
chronize the encoder 100 and the decoder 

The inter-frame modes can also be performed by the 
use of the intensity segmentation unit 420. In such a sit- 
uation, a motion vector is determined for each region in 
a region based matching unit 425 using a region match- 
ing technique similar to well-known block matching tech- 
niques employed with rectangular or square regions. In 
other words, each region is compared to the previous 
decoded frame, and a best match is found which mini- 
mizes the total prediction error for the region. A motion 
vector then is used to indicate the relative difference in 
position between the current region and the matched re- 
gion in the previous decoded frame. The motion vectors 
are then sent, via line 427, to a switch 475. The switch 
475 is also controlled by a control signal on line 476 that 
allows the motion vector assigned to each region to pass 
from the intensity segmentation unit 420 or the joint mo- 
tion estimation and segmentation unit 450 to the other 
components in the encoder 100 depending upon which 
unit, 450 or 420, received the current frame. The control 
signal on line 476 is, therefore, also synchronized with 
the control signals on lines 406 and 466. The control sig- 
nals on lines 466 and 476 are also sent from the control 
unit 101 and allow image data to pass from the intensity 
segmentation unit 420 and the joint motion estimation 
and segmentation unit 450 to other units in the encoder 
100 as explained above. The information indicating the 
motion vector associated with each region in the frame 
is sent to the prediction unit 130 and the mode decision 
unit 150. 
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Typically, however, frames other than the initial 
frame in the sequence are segmented by the joint motion 
estimation and segmentation unit 450. In a preferred em- 
bodiment, the joint motion estimation and segmentation 
unit 450 divides a current frame into a plurality of regions s 
and assigns a motion vector to each region according to 
the method and apparatus described in European patent 
application no. 95304549.9. 

The motion estimation and segmentation technique 
described in the aforementioned application uses a hier- 10 
archical approach in which a frame is divided into a plu- 
rality of regions, and in which a motion vector updating 
routine is performed with respect to multiple levels of 
smaller and smaller regions. In a preferred embodiment, 
the motion vector updating routine is performed with re- is 
spect to smaller and smaller square blocks of predeter- 
mined size. The motion vector updating routine updates 
the motion vector of each smaller block by assigning to 
it a best motion vector selected from among an initial mo- 
tion vector assigned to the smaller block, motion vectors 20 
of neighboring blocks, and an updated or matched mo- 
tion vector obtained by performing a block matching 
technique for the smaller block. The initial motion vector 
assigned to blocks in the first segmentation level is typ- 
ically zero, whereas the initial motion vector assigned to 25 
each block in subsequent segmentation levels is the mo- 
tion vector of its parent block from which it was obtained. 
The best motion vector for each block is selected accord- 
ing to a priority scheme and a predetermined threshold 
value. 30 

Fl G . 5 is a simplified block diagram showing the joint 
motion estimation and segmentation unit 450 that is used 
for determining the best motion vector associated with 
each square block and for generating the arbitrari- 
ly-shaped regions having corresponding motion vectors. 35 
A motion vector candidate unit 51 0 computes and stores 
motion vectors that serve as candidates for the best mo- 
tion vector associated with a particular square block. 
These motion vectors include the initial motion vector 
(PV) assigned to the block, the motion vectors (V0 40 
through V7) of up to eight neighboring blocks, and the 
updated motion vector (NV) obtained by performing a 
block matching technique for the block. A prediction error 
computation unit 520 computes and stores the motion 
compensated prediction or matching error correspond- 45 
ing to each of the candidate motion vectors. A minimum 
prediction error unit 530 determines the smallest predic- 
tion error (MINI) from among the prediction errors com- 
puted by the prediction error unit 520. The motion vector 
candidates, the corresponding prediction errors, and the so 
minimum predicted error then are sent to a best motion 
vector selection unit 540 which selects the best motion 
vector for the block under consideration. 

A basic idea behind the selection of the best motion 
vector for each block, according to the technique dis- ss 
closed in the aforementioned patent application No. 
95304549.9, is to substitute the motion vector of one of 
the neighboring blocks or an updated motion vector ob- 



tained by the block matching technique for the current 
block only if such a substitution yields a significant im- 
provement in the matching or prediction error for that 
block. Furthermore, there is a preference for the motion 
vectors of the neighboring blocks relative to the updated 
motion vector of the current block obtained from the 
block matching technique. 

FIG. 6 shows an exemplary process, starting in step 
600, by which the best motion vector is selected by the 
best motion vector selection unit 540 for a block which 
has, for example, eight neighboring blocks. In FIG. 6 t PE, 
and E0 through E7 refer, respectively, to the prediction 
errors that result from assigning the motion vectors PV, 
and V0 through V7 to the block under consideration. In 
step 605, it is determined whether the absolute differ- 
ence between the prediction error (PE) and the smallest 
prediction error (MIN) is less than a predetermined 
threshold (THR). If the absolute value in step 605 is less 
than the threshold value, this determination serves as an 
indication that substituting any one of the motion vectors 
V0 through V7, or NV, would not result in a significant 
improvement in the prediction error. As indicated by step 
610, the motion vector PV is, therefore, selected as the 
best motion vector for the block under consideration. 

If, however, the absolute difference determined in 
step 605 is not less than THR, then the process contin- 
ues with step 615. In each of steps 615, 625, 635, 645, 
655, 665, 675 and 665, it is determined whether the ab- 
solute difference between MIN and a respective one of 
the prediction errors E0 through E7 is less than THR. If 
the absolute difference in a particular step is less than 
THR, then the motion vector corresponding to the par- 
ticular prediction error is selected as the best motion vec- 
tor as indicated by steps 620, 630, 640, 650, 660, 670, 
680 and 690, respectively. The steps 61 5, 625, 635, 645, 
655, 665, 675 and 685, are performed sequentially until 
a best motion vector is selected. If none of the aforemen- 
tioned absolute differences is less than THR, then, as 
shown by step 695, this determination indicates that NV 
should be used as the best motion vector for the block 
under consideration. 

Once a best motion vector is obtained for each 
square block of the current frame, each square block is 
segmented into four smaller square blocks of equal size, 
and the motion vector updating routine is repeated for 
each smaller block until a stop condition is reached. The 
stop condition may be, for example, a lower limit on the 
size of the blocks for which the motion vector updating 
routine is performed or a predetermined number of cy- 
cles of the motion vector updating routine. 

When the stop condition is reached, and a best mo- 
tion vector has been assigned to each square block in 
the current segmentation level, a resegmentation unit 
550 performs a merging process which merges adjacent 
square regions having the same or similar motion vec- 
tors to form a set of non -overlapping merged regions, 
each of which may be arbitrarily-shaped and have differ- 
ent dimensions. It should be understood that, in some 
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applications, some or all of the arbitrarily-shaped regions 
that result from the merging process may be square 
blocks having the same or different dimensions. 

The resegmentation unit 550 also assigns to each 
pel in the current frame a region label indicating to which s 
region it belongs. The region labels are then sent via line 
452 to the switch 465, and the motion vectors associated 
with each region are sent via line 457 to the switch 475. 
As explained above, control signals on lines 466 and 476 
allow the region labels and motion vectors to pass tooth- io 
er components of the encoder 1 00 for further processing 
and encoding. 

In a preferred embodiment of the present invention, 
the region interior coder 170 of the encoder 100 imple- 
ments, for example, the method described in EP-A-0 649 is 
258. This method uses block transforms with frequency 
domain region-zeroing and space domain region-enforc- 
ing operations for effectively coding the image data of 
arbitrarily-shaped regions. The method uses an iterative 
technique based on the theory of successive projection so 
onto convex sets (POCS) to find the best values for a 
group of selected transform coefficients. 

A simplified block diagram of an exemplary region 
interior coder 170 for implementing the aforementioned 
iterative POCS technique is depicted in FIG. 7. An image 2s 
circumscription unit 710 receives the image data of an 
arbitrarily-shaped region 802 from the mode decision 
unit 150. As shown in FIG. 8, a rectangular region block 
801 is circumscribed around the arbitrarily-shaped re- 
gion 802. An original internal pel set 803 which lies within 30 
the arbitrarily-shaped region 802 is thereby defined. Sim- 
ilarly, an original external pel set 804 which lies outside 
the arbitrarily-shaped region 802 and within the region 
block 801 is thereby defined. An extrapolator 720 extrap- 
olates the pel values of the internal pel set 803 to initialize 35 
the pel values of the external pel set 804. Examples of 
extrapolation methods include pel repetition, mirroring 
and morphological dilations. 

Other components of the transform coder 170 
shown in FIG. 7 perform a POCS iteration loop on the 40 
image data. It should be understood that the image data 
upon which the POCS iteration loop is performed de- 
pends upon the mode in which the image data of the re- 
gion is to be coded, and transmitted or stored. In the sec- 
ond inter-frame motion compensated mode in which the 45 
prediction errors are coded, the image data coded by the 
POCS iteration loop is the prediction error associated 
with the pels in the region under consideration. If, on the 
other hand, the intra-frame mode is to be used, then the 
image data coded by the POCS iteration loop includes so 
the intensity of each pel in the region under considera- 
tion. 

The POCS iteration loop begins with the application 
of a forward transform, such as the discrete cosine trans- 
form (DCT), by a forward transform unit 730 to generate ss 
transform coefficients. A transform coefficient set (TCS) 
is generated by a TCS generator 740 which selects and 
retains transform coefficients having high energy ac- 



cording to the energy compaction property of transform 
coefficients. The remaining transform coefficients are set 
to zero.. The number of selected , coefficients -is deter- 
mined by the rate controller 108 which establishes a 
threshold energy based, for example, upon the size of 
the arbitrarily-shaped region. Next, an inverse transform 
unit 750 performs an inverse transform on the TCS to 
generate a computed region block having computed pel 
values. An interior pel replacement unit 760 replaces 
those computed pels corresponding to the internal pel 
set with original pel values to form a modified computed 
region block. A forward transform is again performed on 
the modified computed region block (MCRB), and a new 
transform coefficient set is generated. 

If a particular transform coefficient set (TCS) repre- 
sents optimal transform coefficients (OTC), then the TCS 
is quantized and coded using, for example, variable 
length coding. The step size of quantization may be de- 
termined, for example, by a signal on line 171 received 
from the rate controller 108. The coded, quantized val- 
ues of the optimal transform coefficients are then sent 
as outputs to the multiplexer 180. A particular TCS may 
represent optimal transform coefficients when a prede- 
termined number of POCS loop iterations is reached, 
when the exterior pels do not change, or when the mean 
squared difference of the exterior pels between iterations 
is within a pre-defined threshold. If the TCS does not rep- 
resent the optimal transform coefficients, then the POCS 
loop is reiterated until optimal transform coefficients are 
obtained. At the decoded frame memory unit 1 25 or at a 
decoder, an inverse quantization process and inverse 
transform process is applied to reconstruct the image 
data for the region prior to storing the decoded region. 

The region-based video encoder 100 of the present 
invention is particularly advantageous for systems using 
low bit-rates. Communication applications include, for 
example, video telephony, personal communication, 
multimedia, education, entertainment and remote sens- 
ing where the transmission or storage capacity of the 
system is limited. 



Claims 

1. An encoder for encoding a sequence of video 
frames comprising: 

a segmentation unit which segments a current 
frame in said video sequence into a plurality of 
arbitrarily-shaped regions, each of said plurality 
of arbitrarily-shaped regions being assigned a 
motion vector; 

a decoded frame memory for storing a previ- 
ously decoded frame in said video sequence; 
a prediction unit connected to said segmenta- 
tion unit and said decoded frame memory for 
predicting image data of said current frame 
based upon a previously decoded frame and 
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based upon the motion vector assigned to one 
of said plurality of arbitrarily-shaped regions; 
a region shape coding unit for encoding the 
shape of each of said arbitrarily-shaped 
regions; 5 
a mode decision unit which determines in which 
one of a plurality of modes image data from 
each of said plurality of arbitrarily-shaped 
regions is to be encoded, where said plurality of 
modes comprises an intra-frame mode in which 10 
the intensity of each pel in one of said plurality 
of arbitrarily-shaped regions is encoded; 
a mode coding unit which encodes the mode in 
which each of said plurality of arbitrarily-shaped 
regions is to be encoded; is 
a motion coding unit for encoding motion vec- 
tors associated with said plurality of arbitrar- 
ily-shaped regions; 

a region interior coder which encodes the inten- 
sity of each pel in one of said plurality of arbi- 20 
trarily-shaped regions if the region is to be 
encoded in said intra-frame mode; 
a buffer which serves as an interface for trans- 
mitting encoded information from said encoder; 
and 25 
a rate controller which receives signals from 
said buffer, where said rate controller sends 
control signals to said segmentation unit, said 
mode decision unit, and said region interior unit 
in response to the signals received from said 30 
buffer 

The encoder of claim 1 wherein 

said plurality of modes further comprises a first 35 
inter-frame mode in which a motion vector asso- 
ciated with one of said plurality of arbitrar- 
ily-shaped regions is encoded and a second 
inter-frame mode in which a motion vector and 
a motion compensated prediction error associ- <o 
ated with one of said plurality of arbitrar- 
ily-shaped regions are encoded; and 
said region interior coder encodes a motion 
compensated prediction error associated with 
one of said plurality of arbitrarily-shaped regions *s 
if the region is to be encoded in said second 
inter-frame mode. 

The encoder of claim 1 wherein said segmentation 
unit comprises a joint motion estimation and seg- so 
mentation unit for performing the following functions: 

(a) dividing said current frame into a plurality of 
smaller regions of predetermined shape and 
size; ss 

(b) performing for each of said smaller regions 
a motion vector updating routine by assigning 
to the smaller region a best motion vector 



selected from among an initial motion vector 
assigned to the smaller region, motion vectors 
of neighboring regions, andan updated motion- 
vector obtained by performing a block matching 
technique for the smaller region, wherein the 
best motion vector is selected according to a pri- 
ority scheme and a predetermined threshold 
value; 

(c) dividing each of said smaller regions into a 
plurality of smaller regions of predetermined 
shape and size; 

(d) repeating step (b) for each of the smaller 
regions resulting from step (c); 

(e) iteratively repeating steps (c) and (d) for 
each smaller region resulting from step (d) until 
a stop condition is reached; and 

(f) merging adjacent regions having similar 
motion vectors to form said arbitrarily-shaped 
regions. 

4. The encoder of claim 3 wherein said joint motion 
estimation and segmentation unit comprises a best 
motion vector selection unit which performs the fol- 
lowing functions: 

determining the smallest matching error from 
among the matching errors obtained respec- 
tively by assigning to the smaller region the fol- 
lowing motion vectors: 

(a) the initial motion vector assigned to the 
smaller region; 

(b) the updated motion vector obtained by 
performing a block matching technique for 
the smaller region; and 

(c) the motion vectors of the smaller 
region's neighboring regions; 

selecting the initial motion vector as the best 
motion vector if the absolute value of the differ- 
ence between the smallest matching error and 
the matching error obtained by using the initial 
motion vector is less than the predetermined 
threshold value; 

selecting the motion vector of one of the neigh- 
boring regions as the best motion vector if: 

(a) the absolute value of the difference 
between the smallest matching error and 
the matching error obtained by using the ini- 
tial motion vector is not less than the pre- 
determined threshold value; and 

(b) the absolute value of the difference 
between the smallest matching error and 
the matching error obtained by assigning to 
the smaller region the motion vector of the 
neighboring region is less than the prede- 
termined threshold value; and 
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selecting the matched motion vector as the best 
motion vector if: 

(a) the absolute value of the difference 
between the smallest matching error and s 
the matching error obtained by using the ini- 
tial motion vector is not less than the pre- 
determined threshold value; and 

(b) the absolute value of the difference 
between the smallest matching error and 10 
each of the matching errors obtained by 
assigning to the smaller region the motion 
vector of one of the neighboring region is 

not less than the predetermined threshold 
value. is 

5. The encoder of claim 3 wherein the step of dividing 
each of said smaller regions into a plurality of smaller 
regions comprises the step of dividing each of said 
smaller regions into four smaller square blocks of 20 
equal size. 

6. The encoder of claim 5 wherein said region interior 
coder uses an iterative technique with frequency 
domain region-zeroing and space domain 25 
region-enforcing operations to transform an arbitrar- 
ily-shaped image into optimal transform coefficients 
(OTC). 



8. The encoder of claim 7 wherein said TCS generator 
generates said TCS by selecting an retaining those 
transform , coefficients which have - high- energy 
according to the energy compaction property of 
transform coefficients, and by zeroing all the 
non-selected transform coefficients. 

9. The encoder of claim 2 wherein said mode decision 
unit determines in which one of said plurality of 
modes to encode image data of a particular one of 
said arbitrarily-shaped regions based upon the val- 
ues of the following normalized sums of absolute dif- 
ferences for the particular region: 

NSAD, - h J R ^ * H 

NSADp = J t f R ' Gl ' 

where N is the total number of pels in the particular 
region, i is a given pel in the region, R is the set of 
all pels in the particular region, lj is the intensity of 
the given pel i, m is the mean value of the intensity 
of all the pels in the particular region, and e } desig- 
nates the motion compensated prediction error 
associated with the given pel i. 

10. The encoder of claim 3 wherein said segmentation 
unit further comprises: 



7. The encoder of claim 6 wherein said region interior 30 
coder comprises: 

an image circumscription unit for receiving 
image data of an arbitrarily-shaped region, and 
circumscribing a rectangular block around said 36 
arbitrarily-shaped region, thereby defining an 
original internal pel set and an original external 
pel set; 

an extrapolator which extrapolates pel values of 
said internal pel set to initialize pel values of said 40 
external pel set; 

a forward transform which transforms said 
image to transform coefficients; 
a TCS generator which generates a transform 
coefficient set (TCS) from said transform coef- 45 
ficients, said TCS generator outputs said TCS 
when said TCS represents said OTC, and 
sends said TCS to an inverse transform when 
said TCS does not represent said OTC; 
an inverse transform which transforms said so 
TCS to a computed region block having com- 
puted pel values; and 

a replacer which replaces those computed pel 
values corresponding to said interior pel set with 
said original pel values to form a modified com- ss 
puted region block (MCRB), said replacer sends 
the modified computed region block to the for- 
ward transform for re-iteration. 



an intensity segmentation unit which divides a 
frame into a plurality of arbitrarily-shaped inten- 
sity regions by grouping together pels that have 
a similar intensity features; 
a region based matching unit for determining a 
motion vector indicating the relative difference 
in position between one of said plurality of inten- 
sity regions and a matched region in a previ- 
ously decoded frame; 

a switch for sending a received frame to said 
intensity segmentation unit in response to a first 
control signal and to said joint motion estimation 
and segmentation unit in response to a second 
control signal; and 

a plurality of switches that allow image data 
information to pass from said intensity segmen- 
tation unit and said joint mction estimation and 
segmentation unit to other of said units in said 
encoder in response to control signals synchro- 
nized with said first and second control signals, 
respectively. 

11. The encoder of claim 1 wherein said region interior 
coder uses an iterative technique with frequency 
domain region -zeroing and space domain 
region -enforcing operations to transform an arbitrar- 
ily-shaped image into optimal transform coefficients 
(OTC). 
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12. The encoder of claim 11 wherein said region interior 
coder comprises: 

"an image^ circumscription unit for receiving 
image data of an arbitrarily-shaped region, and 
circumscribing a rectangular block around said 
arbitrarily-shaped region, thereby defining an 
original internal pel set and an original external 
pel set; 

an extrapolator which extrapolates pel values of 
said internal pel set to initialize pel values of said 
external pel set; 

a forward transform which transforms said 
image to transform coefficients; 
a TCS generator which generates a transform 
coefficient set (TCS) from said transform coef- 
ficients, said TCS generator outputs said TCS 
when said TCS represents said OTC, and 
sends said TCS to an inverse transform when 
said TCS does not represent said OTC; 
an inverse transform which transforms said 
TCS to a computed region block having com- 
puted pel values; and 

a replacer which replaces those computed pel 
values corresponding to said interior pel set with 
said original pel values to form a modified com- 
puted region block (MCRB), said replacer sends 
the modified computed region block to the for- 
ward transform for re-iteration. 

13. The encoder of claim 1 or 8 further comprising a 
frame skip unit which receives said sequence of 
frames and which determines whether each frame 
in said sequence should be skipped. 

14. The encoder of claim 13 or 9 further comprising a 
multiplexer for passing encoded information from 
said region shape coding unit, said mode coding 
unit, said motion coding unit, and said region interior 
coder to said buffer in a predefined order. 

15. The encoder of claim 13 wherein said rate controller 
sends control signals to said frame skip unit in 
response to the signals received from said buffer. 

16. A method of encoding a frame in a video sequence 
comprising the steps of: 

(a) segmenting the frame into a plurality of arbi- 
trarily-shaped regions each having a corre- 
sponding motion vector; 

(b) encoding the shape of each arbitrar- 
ily-shaped region; 

(c) determining in which of a plurality of modes 
image data of each arbitrarily-shaped region is 
to be encoded, where said plurality of modes 
includes a first mode in which the motion vector 
corresponding to an arbitrarily-shaped region is 



encoded, a second mode in which the motion 
vector and a motion compensated prediction 
error associated with an arbitrarily-shaped 
region are encoded, and a third intra-frame 
5 mode in which the intensity of each pel in an 

arbitrarily-shaped region is encoded; 

(d) encoding the mode in which each of said plu- 
rality of arbitrarily-shaped regions is to be 
encoded; 

10 (e) encoding the motion vector corresponding 

to one of said plurality of arbitrarily-shaped 
regions if the region is to be encoded in either 
said first mode or said second mode; 

(f) encoding a motion compensated prediction 
*s error associated with one of said plurality of arbi- 
trarily-shaped regions if the region is to be 
encoded in said second mode; 

(g) encoding the intensity of each pel in one of 
said plurality of arbitrarily-shaped regions if the 

20 region is to be encoded in said third mode; and 

(h) storing information encoded in steps (b), (d), 

(e) , (f)and (g). 

17. The method of claim 16 further comprising the step 
25 of transmitting information encoded in steps (b), (d), 

(e), (f) and (g) to a decoder. 

18. The method of claim 16 or 17 wherein the step of 
segmenting said frame comprises the steps of: 

30 

(a) dividing the frame into a plurality of smaller 
regions of predetermined shape and size to 
form a first segmentation level; 

(b) assigning to each of said plurality of smaller 
35 regions an initial motion vector; 

(c) performing for each of said plurality of 
smaller regions a motion vector updating rou- 
tine which updates the motion vector of a 
smaller region by assigning to it a best motion 

to vector selected from among the initial motion 

vector assigned to the smaller region, an 
updated motion vector obtained by performing 
a block matching technique for the smaller 
region, and motion vectors of the smaller 

45 region's neighboring regions, wherein the best 

motion vector is selected according to a priority 
scheme and a predetermined threshold value; 

(d) dividing each smaller region in the previous 
segmentation level into a plurality of smaller 

50 regions of predetermined shape and size to 

form a subsequent segmentation level; 

(e) assigning to each of the plurality of smaller 
regions in the subsequent segmentation level 
an initial motion vector equal to the motion vec- 

s $ tor of its parent region; 

(f) performing the motion vector updating rou- 
tine for each of said plurality of smaller regions 
in the subsequent segmentation level; 
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(g) iteratively performing the steps (d), (e) and 
(f) until a stop condition is reached; 

(h) merging adjacent smaller regions having 
- similar motion vectors to form said plurality" of 

arbitrarily-shaped regions. s 

19. The method of claim 18 wherein the motion vector 
updating routine comprises the steps of: 

determining the smallest matching error from 10 
among the matching errors obtained respec- 
tively by assigning to the smaller region the fol- 
lowing motion vectors: 

(a) the initial motion vector assigned to the is 
smaller region; 

(b) the updated motion vector obtained by 
performing a block matching technique for 
the smaller region; and 

(c) the motion vectors of the smaller 20 
region's neighboring regions; 

selecting the initial motion vector as the best 
motion vector if the absolute value of the differ- 
ence between the smallest matching error and 2s 
the matching error obtained by using the initial 
motion vector is less than the predetermined 
threshold value; 

selecting the motion vector of one of the neigh- 
boring regions as the best motion vector if: 30 

(a) the absolute value of the difference 
between the smallest matching error and 
the matching error obtained by using the ini- 
tial motion vector is not less than the pre- 35 
determined threshold value; and 

(b) the absolute value of the difference 
between the smallest matching error and 
the matching error obtained by assigning to 

the smaller region the motion vector of the *o 
neighboring region is less than the prede- 
termined threshold value; and 

selecting the matched motion vector as the best 
motion vector if: 45 

(a) the absolute value of the difference 
between the smallest matching error and 
the matching error obtained by using the ini- 
tial motion vector is not less than the pre- so 
determined threshold value; and 

(b) the absolute value of the difference 
between the smallest matching error and 
each of the matching errors obtained by 
assigning to the smaller region the motion 55 
vector of one of the neighboring region is 

not less than the predetermined threshold 
value. 



20. The method of claim 19 wherein the steps of encod- 
ing the prediction error and encoding the intensity of 
each pel comprise the steps of: 

generating original pel values by: 

(a) circumscribing said arbitrarily-shaped 
region with a rectangular region block, 
thereby creating an internal pel set which 
lies within said arbitrarily-shaped image 
and within said region block, and an exter- 
nal pel set which lies outside said arbitrar- 
ily-shaped region and within said region 
block; and, 

(b) initializing pel values of said external pel 
set by extrapolating the pel values of said 
internal pet set; and 

calculating optimal transform coefficients (OTC) 
by: 

(a) performing a forward transform on said 
region block to generate transform coeffi- 
cients; 

(b) generating a transform coefficient set 
(TCS) from said transform coefficients; 

(c) performing an inverse transform on said 
TCS thereby generating a computed region 
block having computed pel values; 

(d) replacing those computed pel values 
corresponding to said internal pel set with 
original pel values to form a modified com- 
puted region block (MCRB); 

(e) determining whether said TCS repre- 
sents said OTC; 

(f) reiterating steps (a) and (b) on said mod- 
ified computed region block and outputting 
said TCS when said TCS represents said 
OTC; and, 

(g) reiterating steps (a) through (g) on said 
modified computed region block when said 
TCS values do not represent said OTC. 

21. The method of claim 16 or 17 wherein the steps of 
encoding the prediction error and encoding the 
intensity of each pel comprise the steps of: 

generating original pel values by: 

(a) circumscribing said arbitrarily-shaped 
region with a rectangular region block, 
thereby creating an internal pel set which 
lies within said arbitrarily-shaped image 
and within said region block, and an exter- 
nal pel set which lies outside said arbitrar- 
ily-shaped region and within said region 
block; and, 

(b) initializing pet values of said external pel 
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set by extrapolating the pel values of said 

internal pel set; and - I T i 

NSAD t = FT . i.eR- L ~ m| 
calculating optimal transform coefficients (OTC) 1 £ le I 

by: 5 NSADp - R lC R 1 41 



(a) performing a forward transform on said 
region block to generate transform coeffi- 
cients; 

(b) generating a transform coefficient set 
(TCS) from said transform coefficients; 

(c) performing an inverse transform on said 
TCS thereby generating a computed region 
block having computed pel values; 

(d) replacing those computed pel values 
corresponding to said internal pel set with 
original pel values to form a modified com- 
puted region block (MCRB); 

(e) determining whether said TCS repre- 
sents said OTC; 

(f) reiterating steps (a) and (b) on said mod- 
ified computed region block and outputting 
said TCS when said TCS represents said 
OTC; and, 

(g) reiterating steps (a) through (g) on said 
modified computed region block when said 
TCS values do not represent said OTC. 

22. The method of claim 20 or 21 wherein said step of 
performing a forward transform comprises the step 
of performing a discrete cosine transform (DCT). 

23. The method of claim 22 wherein the step of gener- 
ating a TCS comprises the step of quantizing said 
transform coefficients. 



where N is the total number of pels in the particular 
region, i is a given pel in the region, R is the set of 
all pels in the particular region, \ t is the intensity of 
io the given pel i, m is the mean value of the intensity 
of all the pels in the particular region, and 6j desig- 
nates the motion compensated prediction error 
associated with the given pel i. 

*5 27. The method of claim 26 wherein image data of the 
particular region is encoded in said first mode if the 
value of NSADp is less than a threshold value c and 
in said second mode when the value of NSADp 
exceeds the threshold value c and is less than the 
20 value of NSAD, by at least a threshold value b. 

28. The method of claim 27 wherein said threshold val- 
ues b and c depend upon the fullness of a buffer 
which serves as an interface to said decoder. 

25 

29. The method of claim 24 wherein the number of 
selected transform coefficients is based upon the 
size of the particular arbitrarily-shaped region being 
encoded. 

30 

30. The method of claim 23 wherein the step of quantiz- 
ing said transform coefficients uses a quantization 
step size which depends upon the fullness of a buffer 
which serves as an interface to a decoder. 

35 



15 



24. The method of claim 23 wherein the step of gener- 
ating said TCS further comprises the steps of select- 
ing and retaining those transform coefficients which 
have high energy according to the energy compac- 40 
tion property of transform coefficients, and zeroing 

the non-selected transform coefficients. 

25. The method of claim 23 further comprising the step 

of deciding whether to skip said frame where said *s 
step of deciding depends upon the fullness of a 
buffer which serves as an interface to said decoder. 



26. The method of claim 25 wherein the step of deter- 
mining in which of a plurality of modes image data so 
of each arbitrarily-shaped region is to be encoded is 
based upon the values of the following normalized 
sums of absolute differences for the particular 
region: 
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